Primary sequence-wise, soluble non-heme diiron proteins can be further divided into two groups: Class I and Class II (Biochemistry, 1994, 33, 12776) . Class I non-heme diiron proteins, such as hemerythrin (Hr) and purple acid phosphatase, contain HX3E, HX3H, and HX4D motif. Class II non-heme diiron proteins contains diiron proteins such as soluble fatty acid desaturase, soluble methane monooxygenase (MMOH), ribonucleotide reductase (RNR-R2), rubrerythrin and toluene-4-monooxygenase (ToMOH) (Annu. Rev. Plant. Physiol. Plant. Mol. Biol., 1998, 49, 611) . Primary sequence alignment shows that soluble fatty acid desaturase, MMOH and RNR-R2 share a consensus [D(E)EX2H]2 motif for the coordination of the diiron active site.
However, the consensus [D(E)EX2H]2 motif found in Class II soluble diiron proteins does not exist in integral membrane bound non-heme diiron proteins such as integral membrane fatty acid desaturase (for instance, integral membrane stearoyl-acyl carrier protein ∆ 9 desaturase, SCD1), xylene monooxygenase (XylM) and AlkB (Annu. Rev. Plant. Physiol. Plant. Mol. Biol., 1998, 49, 611) . Instead, nine conserved histidine residues are found. This class of non-heme diiron proteins is distinct from the soluble non-heme diiron proteins and the diiron active site is ligated by multiple histidine residues.
Primary sequence alignment of AlkB, XylM and SCD1 is shown below. The green coded partial conserved aspartic acid, D181, on AlkB is shown to be related to enzyme activity as the mutation at this residue leads to the loss of activity (FEBS Lett., 2003, 545, 188) . The magenta coded E143, D165 and E229 on SCD1 are known to be involved in the secondary coordination sphere of diiron active site (Nature, 2015,524, 252) . The blue coded conserved histidine (H273) on AlkB is essential for alkane oxidation (J. Bacteriol., 2005, 187, 85) ; all other conserved histidine residues are coded in yellow.
The comparison of structural data (either XRD or XAS) for non-heme diiron enzymes is listed in Table S1 and S2: Figure S1 . UV-vis spectra of: (a) Oxidized AlkG (red) and partially reduced AlkG by sodium dithionite (blue) in 50 mM Tris, pH 7.5; buffer blank is in black. (b) Screen-printed carbon electrode (SPCE, blue) and oxidized AlkG immobilized on SPCE (red). Figure S2 . X-ray absorption near edge structure (XANES) spectra of purified AlkB. It is indicated that oxidized AlkB is obtained and the addition of dithionite only slightly alters the oxidation state of AlkB (10 eq. of dithionite is supplemented; green line). Figure S4 . The error is estimated to be 25% for the coordination number and 0.01-0.03 Å for the distance. Parameters used in the fitting include: N, the coordination number; R (Å), distance relative to Fe; and σ 2 (Å 2 ), the Debye-Waller factor; and Rfit (%), the goodnessof-fit parameter. Fitting ranges for k space (Å −1 ) and R space (Å) are indicated by ∆k and ∆R, respectively. Figure S5 . Electrochemical conversion of n-octane to 1-octanol analyzed by gas chromatography, from top to bottom: (a) blank electrode in (450 µL buffer + 50 µL noctane) with no current applied, react for 30 min; (b) blank electrode in (450 µL buffer + 50 µL n-octane) with current applied, react for 30 min; (c) AlkG-immobilized electrode in (450 µL buffer + 50 µL n-octane), react for 30 min; (d) blank electrode in (450 µL AlkB-enriched membrane + 50 µL n-octane), react for 30 min; (e) AlkGimmobilized electrode in (450 µL AlkB-enriched membrane + 50 µL n-octane), react for 30 min. The retention time for p-xylene (internal standard) and 1-octanol are at 5.9 min and 8.9 min, respectively. The early eluted peaks come from the solvent used for extraction, dichloromethane (DCM), and other extractable components in the buffer mixture. In the middle and bottom panels, the peak at 4.9 min is chloroform in DCM. Note: An extra peak at 22.1 min is constantly found after the reaction. It originates from AlkB membrane and the identity is unclear. The quantity of this unidentified extractable substance varies after the extraction and has no particular relationship with the amount of product formation. Thus, this extractable matter is not involved in the reaction. In addition, its retention time is distinguishable from that of the primary alcohol product; thus, it does not interfere with the identification of product. homogenate before column purification (7.5 µL); Lane 3: flow-through (7.5 µL); Lane 4: wash fraction 1 (7.5 µL); Lane 5: wash fraction 2 (7.5 µL); Lane 6: elution, with 0.5 mM DTBT (7.5 µL); Lane 7: elution, with 2.5 mM DTBT (7.5 µL). 
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